The Vulpecula OB association, Vul OB1, is a region of active star formation located in the Galactic plane at 2.3 kpc from the Sun. Previous studies suggest that sequential star formation is propagating along this 100 pc long molecular complex. In this paper, we use Spitzer MIPSGAL and GLIMPSE data to reconstruct the star formation history of Vul OB1, and search for signatures of past triggering events. We make a census of Young Stellar Objects (YSO) in Vul OB1 based on IR color and magnitude criteria, and we rely on the properties and nature of these YSOs to trace recent episodes of massive star formation. We find 856 YSO candidates, and show that the evolutionary stage of the YSO population in Vul OB1 is rather homogeneous -ruling out the scenario of propagating star formation. We estimate the current star formation efficiency to be ∼ 8%. We also report the discovery of a dozen pillar-like structures, which are confirmed to be sites of small scale triggered star formation.
Introduction
The physical mechanisms describing stellar birth are fairly well understood for low-and intermediate-mass stars but still under debate for their high-mass analogues (McKee & Ostriker 2007) . On larger scales, observations show that star forming mechanisms are of relatively poor efficiency, as only a fraction of the gas reservoir in the Universe is turning into stars. Typical Star Formation Efficiencies (SFE) are of the order 3-6% in the Galaxy (Evans et al. 2009) , and 5% or less in other galaxies (Rownd & Young 1999) . Still, in extreme environments like in the starburst galaxy Arp 220, the SFE can reach 50% (Anantharamaiah et al. 2000) suggesting that the star forming mechanism at work in such objects could be of a different nature. For instance the feedback into the interstellar medium (ISM) from short-lived massive stars seems to influence the 1 NASA Herschel Science Center, IPAC, MS 100-22, California Institute of Technology, Pasadena, CA 91125 USA 2 Spitzer Science Center, IPAC, MS 220-6, California Institute of Technology, Pasadena, CA 91125 USA yield of star formation in their local environment. As they evolve off the main sequence, high-mass stars produce a copious amount of energy while still embedded in their native cocoon; such disruption of a molecular cloud leads to gravitational instabilities and possibly to the onset of a new episode of star formation. Hosokawa & Inutsuka (2006) showed that under certain conditions runaway triggering can take place around massive OB stars. In other cases however, turbulence and magnetic fields can have a negative feedback on the local ISM and lead to the suppression of the star forming activity (Price & Bate 2009; Stone 1970) . Elmegreen (1998) provides an exhaustive review of the theoretical framework to study the dynamical triggers of star formation.
In this context, we use the data from the Spitzer Legacy surveys MIPSGAL (Carey et al. 2009 ) and GLIMPSE (Benjamin et al. 2003) to study the star forming activity currently taking place in the Vulpecula OB association (hereafter Vul OB1). Vul OB1 hosts nearly one hundred OB stars and three bright HII regions known as Sharpless objects 86, 87 and 88 (Sharpless 1959 ). According to Ehlerová et al. (2001) and Turner (1986) , the star forming activity occurring in Vul OB1 might have been triggered by a common external source, and star formation might be propagating from one HII region to another through the expansion of a supernova shock front. The aim of this paper is to study the triggered star formation on scales as large as ∼100 pc in Vul OB1, which could help us understand star formation mechanisms within other Giant Molecular Clouds in the Galaxy and beyond.
We use the method developed by Gutermuth et al. (2008) to obtain a census of Young Stellar Objects (hereafter YSOs) in Vul OB1 based on infrared color and magnitude criteria, and we rely on the properties and nature of these YSOs to trace episodes of star formation. The MIPSGAL and GLIMPSE sensitivity makes our search for YSOs in Vul OB1 biased towards massive objects that reveal the most recent star forming activity.
In Section 2 we present the dataset used in the paper. In Section 3 we give a comprehensive description of Vul OB1 encompassing the three HII regions as well as the dozen pillar-like structures we discovered in this region. Section 4 describes the identification process of Young Stellar Objects based on their IR-excess emission. We present and discuss our results in Section 5, and we give our conclusions in Section 6.
The dataset

Spitzer Observations and Point Source Catalogs
The Spitzer Space Telescope (Werner et al. 2004 ) observed over 270 square degrees of the inner Galactic plane in six wavelength bands as part of two legacy programs: the Galactic Legacy Infrared Mid-Plane Survey Extraordinaire (GLIMPSE; E. Churchwell PI; Benjamin et al. 2003 ) and the MIPS GALactic plane survey (MIPSGAL; S. Carey PI; Carey et al. 2009 ). The Vulpecula region was covered by GLIMPSE I (PID 188) and MIPSGAL I (PID 20597). It was imaged with the IRAC camera (Fazio et al. 2004 ) at 3.6, 4.5, 5.8 and 8.0 µm, and with the MIPS camera (Rieke et al. 2004 ) at 24 and 70 µm. The angular resolution of Spitzer is 2 ′′ , 6 ′′ and 18 ′′ at 8, 24 and 70 µm, respectively.
The MOPEX package (Makovoz et al. 2006) was used to build mosaics of the sky about 1 square degree wide from individual Basic Calibrated Data (BCD) frames. Details of the postprocessing and BCD pipeline modifications are described in Meade et al. (2007) for GLIMPSE and in Mizuno et al. (2008) for MIPSGAL. The large Vulpecula mosaics presented in this paper are also built with MOPEX using the 1 square degree plates available through the Infrared Science Archive 1 (IRSA).
The search for YSO candidates in Vulpecula relies on the point source catalogs (PSC) generated from the GLIMPSE and MIPSGAL surveys. For GLIMPSE, point sources are extracted using a modified version of the Point-Spread Function (PSF) fitting program DAOPHOT (Stetson 1987) . The GLIMPSE PSC we used is the enhanced data product v2.0 available on the IRSA website. For MIPSGAL, sources are extracted from the 24 µm maps using a Pixel-Response Function fitting method (Shenoy et al. in preparation) and the APEX software developed at the Spitzer Science Center 2 . This catalog is then merged with the GLIMPSE PSC to include IRAC and 2MASS 3 fluxes if they are available. 70 µm sources are extracted from reprocessed 70 µm maps (Paladini et al. in preparation) using the StarFinder software (Diolaiti et al. 2000) , and matched to the MIPS-GAL PSC with a search radius of 9 ′′ .
Ancillary data
We complement our dataset with visible, submillimeter, millimeter and radio data to obtain a broader view of the Vulpecula complex, and to investigate the morphology, star formation history and possible relationship between the HII regions. We make use of the VLA Galactic Plane Survey (VGPS) data, which consists of HI line and 21-cm continuum emission data with a resolution of 1 ′ ×1 ′ ×1.56 km s −1 and 1 ′ respectively (Stil et al. 2006) . These data are analysed in details in Sec-tion 3.1. We also use the Virginia Tech Spectralline Survey (VTSS) which provides arcminuteresolution images of the 6563Å Hα recombination line of atomic Hydrogen in the Vulpecula region (Dennison et al. 1998) . S. Bontemps (private communication, see Schneider et al. (2006) for details) also provided our team with a 1.2 ′ -resolution extinction map of Vul OB1 generated from stellar counts and colors derived from the 2MASS point source catalog (see Figure 1) . The visual extinction in Vulpecula ranges from 3 to 20 with a distribution peaking at Av∼5. We also use the CO survey of the Galaxy published in Dame et al. (2001) . However the relatively low spatial resolution of ∼7.5 ′ over Vul OB1 prevented a relevant detailed study of the CO emission. We find nonetheless a very good correlation between the CO emission and the visual extinction that both trace the cold and dusty molecular material (cf Figure 1) . In addition, we used the submillimeter data obtained during the second flight of the Balloon-borne Large Aperture Submillimeter Telescope (BLAST, Pascale et al. 2008) , where a 4 square degree region was mapped around Sh2-86 at 250, 350 and 500 µm (Chapin et al. 2008) . The angular resolution of the BLAST maps are 40 ′′ , 50 ′′ and 60 ′′ at 250, 350 and 500 µm, respectively. And finally, we exploit the recently released 1.1 mm data of the Galactic Plane Survey carried out with Caltech Submillimeter Observatory/Bolocam (Aguirre et al. in preparation) and providing an angular resolution of 31 ′′ .
The Vulpecula OB association
Vul OB1 is an active star forming region located in the Galactic plane at a longitude l∼60
• . In this article we focus on the region centered at (l, b) = (60.2, −0.2) and covering about 6.6 square degrees (see Figures 1 and 2 ). Garmany & Stencel (1992) describe Vul OB1 as an oval region about 3.5
• by 1.5
• hosting the star cluster NGC 6823. Nearly one hundred hot massive stars are found in the direction of Vulpecula from the catalog of OB stars compiled by Reed (2003) . Some of these stars have already been associated with and are responsible for the ionization of three bright HII regions in Vul OB1, namely Sh2-86, 87 and 88 (Sharpless 1959) . Figure 2 presents the midinfrared morphology of Vul OB1 and the location of the OB stars.
The VGPS 21-cm continuum emission covering Vul OB1 reveals two bright circular compact sources (∼1.3 ′ in diameter) coincident with Sh2-87 and Sh2-88, and an extended dimmer region (27 ′ ×12 ′ ) reminiscent of the infrared morphology of Sh2-86.
The supernova remnant SNR G59.5+0.1 (Taylor et al. 1992 ) is also clearly visible in the radio continuum data at (l, b) = (59.59, 0.1), its measured diameter is 15 ′ (cf Section 5.4.1). Our analysis of the VGPS HI line data indicates that the three HII regions are neighbors (cf Section 3.1), as was previously noted by Turner (1986) , Ehlerová et al. (2001) and Cappa et al. (2002) . Distance determinations for the three Sharpless objects and their exciting stars range from 1.5 to 3.2 kpc (Fich & Blitz 1984; Barsony 1989; Guetter 1992; Brand & Blitz 1993; Massey et al. 1995; Deharveng et al. 2000; Hoyle et al. 2003; Kharchenko et al. 2005; Bica et al. 2008) . Following the arguments from Chapin et al. (2008) , we adopt a common distance of 2.3 kpc for the three HII regions.
In the catalog of Reed (2003) we find about 30 OB stars in the direction of Sh2-86 and Sh2-87, in what we identify as the pillars region (these stars might be responsible for the existence of pillar-structures, see Section 3.2). We check their possible association with Vul OB1 by computing their distance moduli based on the M V -Spectral type relation and the intrinsic colors given by Landolt-Bornstein (1982) . We assume a ratio of total-to-selective absorption R V = 3.1 typical of the diffuse ISM, and we associate a visual extinction to each star based on our extinction map of Vul OB1. Out of the 16 stars for which spectral type and magnitude information are available in the Reed catalog, 12 fall between 1.3 and 2.3 kpc with a mean distance from the Sun of 1.91 ± 0.4 kpc. We find similar distances using intrinsic colors and absolute magnitudes given by Johnson (1958) and Wegner (2006) respectively. Although the uncertainties are significant, which is mostly due to the large uncertainty on the values of the absolute magnitudes, our distance estimate for these stars is consistent with an association with the Vulpecula complex.
HII regions
Sh2-86 is an extended HII region about 40
′ wide (Sharpless 1959 ) located in the southern part of Vulpecula (Figures 1, 2 and 11 in the appendices). It is excited by the open cluster NGC 6823, which is part of the OB association Vul OB1 (Massey et al. 1995; Bica et al. 2008) . Pigulski et al. (2000) estimate the age of the star cluster at 3 ± 1 Myr old. In the atomic gas distribution derived from the VGPS data, Sh2-86 appears as an oblong hole at velocities between 26 and 31 km s −1 . We find that the dimension of the shell is approximately 60 ′ along the Galactic plane and 25 ′ across it. In the optical, the south-eastern part of Sh2-86 is very contrasted. It exhibits silhouetted pillar-like structures pointing towards NGC 6823, emission and reflection nebulae as well as filamentary structures. The infrared emission is also contrasted in this region tracing the complex interplay between the UV radiation and the surrounding dusty interstellar medium. Chapin et al. (2008) also report the detection of 49 compact sub-millimeter sources associated with Sh2-86 using the Balloon-borne Large Aperture Submillimeter Telescope (BLAST). The presence of these clumps, with masses ranging from 14 to 700 M ⊙ , indicates the capability of Sh2-86 to form massive stars.
Sh2-87 and Sh2-88 are also HII regions initially discovered by Sharpless (1959) . These regions are active sites of star formation as indicated by the presence of H 2 O maser line emissions and bipolar outflows (Barsony 1989; Deharveng et al. 2000) . Bolocam data show bright sources at the location of Sh2-87 and Sh2-88 indicating the presence of cold core candidates. Our analysis of the VGPS data reveals that the morphology of the HI shell around Sh2-87 at velocities between 22 and 26 km s −1 is very similar to that of the 24 µm emission. The HII region appears as a hole in the HI distribution as the hydrogen is ionized by an embedded B0 star (Felli & Harten 1981) . A compact source seen in absorption sits at the center of Sh2-87, its position is coincident with the location of the peak emission at 24 µm (l, b) = (60.88, −0.13). Barsony (1989) and Xue & Wu (2008) give a detailed description of this HII region.
Sh2-88 is a diffuse nebula of diameter ∼20 ′ located at (l, b) = (61.45, 0.34), which is excited by the O8 star BD +25
• 3952 (Cappa et al. 2002) . The star formation activity taking place in Sh2-88 occurs in a couple of nebular knots identified by Lortet-Zuckermann (1974) , Sh2-88A and Sh2-88B, located 15 ′ southeast of Sh2-88. These knots are responsible for the bright 24 µm emission visible in Figure 2 at (l, b) = (61.47, 0.1). Sh2-88B is actually the brightest of the three Sharpless objects at mid-IR wavelengths. Figure 10 in the appendices shows a composite image of Sh-88B in IRAC bands. It consists of a compact cometary HII region and an ultracompact (UC) HII region. Deharveng et al. (2000) present a detailed analysis of Sh2-88B and its stellar content. At radio wavelength, the association of Sh2-88 with a HI shell is somewhat more difficult than in the other two cases as the edges of the shell are not as well defined. We detect however a faint hole at velocities between 22 and 26 km s −1 as well as a compact source seen in absorption in the center of Sh2-88B.
Pillar structures
We have discovered several pillar-like structures on either side of the Galactic equator between Sh2-86 and Sh2-87 (59
• ). These objects are similar to the archetypal pillars of creation found in M16 (Hester et al. 1996; Urquhart et al. 2003) . Such pillars are usually associated with recent episodes of star formation as the winds and radiation emanating from young massive stars are responsible for sculpting these elongated elephant trunks out of the surrounding molecular material. An accepted mechanism for the formation of the pillars is the slow photoevaporation of a pre-existing molecular clump shadowing a tail of more diffuse gas, but other mechanisms have been proposed based on hydrodynamical instabilities for instance. Spitzer (1954) , Bertoldi (1989) , Lefloch & Lazareff (1994) and Carlqvist et al. (2003) present analytical models for the formation of pillar-like structures, and Miao et al. (2006) , Mizuta et al. (2006) and Gritschneder et al. (2009) carry out numerical simulations of the formation and evolution of such objects. According to these studies, the pressure at the surface of the pillars due to the strong external radiation appears to trigger the formation of new stars, which is confirmed by recent observations (e.g. Sugitani et al. 2002; Reach et al. 2004; Bowler et al. 2009; Reach et al. 2009 ) Figure 3 presents the 24 µm image of the pillars found in Vulpecula, and gives the nomenclature to identify individual objects. The three pillars VulP12-13-14 were already known prior to these observations (Chapin et al. 2008) ; they are located northeast of NCG 6823 and are obviously associated with NGC 6823 as they point towards the star cluster. However the 11 pillars VulP1 to VulP11 have never been reported in the literature before this study. Their association with Vul OB1 is not as straightforward as in the case of NGC 6823 since no obvious source could be identified as their sculptor. The OB stars mentioned previously are certainly good candidates, for instance the star HD 186746 (spectral type B8Ia) is located right above the tip of the pillar VulP1 in projection (Figures 2 and 3) . Nevertheless, 10 of the discovered pillars, out of 11, seem to point towards the same faint diffuse nebulosity located at (l, b) = (60.37, −0.04), which is not coincident with any known OB stars. We argue that the chance for ten randomly distributed pillars to point towards the same object is negligible 4 , thus the discovered pillars VulP1 -VulP10 are most certainly associated with each other. The central nebulosity might host the object responsible for the formation of the pillars. In addition, a diffuse faint circularly symmetric structure centered on the same nebulosity is discernible in the background diffuse emission. Bright objects at 24 µm also seem to delineate this faint structure at a radius of ∼ 15 ′ centered at (l, b) = (60.37, −0.04). These morphological features suggest that a single event in the past may have molded the pillars region.
We analyze the radio data in the pillars region to look for a possible association between these structures and the OB association. Out of the 15 pillars identified in Figure 3 , only 3 are detected in the VGPS HI line data. The pillar VulP10 presents a deep absorption feature at 27-33 km s −1 as well as smaller features centered at 8, 13 and 20 km s −1 . These HI features are marginally resolved into two close compact sources located at the base of the pillar. Since these features are quite different from the IR morphology of VulP10, we cannot exclude a fortuitous association with a coincident radio source seen in projection.
VulP4 and VulP5 appear to have similar char- ′ south-east of the diffuse nebula is the knot identified in the text as Sh2-88B. Green crosses indicate the location of the 88 OB stars present in this 3.7
• ×1.8
acteristics, they present comparable morphologies in the HI line data and in the Spitzer bands. They both emerge from the molecular cloud to be exposed to the ionizing radiation. These pillars are located at the edge of HI shells, and their silhouette is clearly identified at velocities 21-23 km s −1 , which places them at roughly the same distance as the three Sharpless objects for which V LSR = 22 − 31 km s −1 . VGPS continuum emission shows a bright twolobed compact source located at the base of the pillar VulP10, consistent with the two blobs observed in the HI line data. No other pillars are detected in the 21-cm continuum.
Tables 3 and 4 in the appendices summarize the geometrical and morphological information extracted from the Spitzer observations for individual pillars. Of particular interest are the bright (∼ 2 Jy) compact sources found at 70 µm in the core of the pillars VulP1 and VulP3 (see Figure 4) . These embedded sources are faint at 24 µm (∼ 1 mJy) and have no counterparts in IRAC and 2MASS bands. Even though star formation is expected to occur preferentially at the tip of such structures, these red sources are likely sites of massive star formation. Longer wavelength 5 observations would be necessary to identify the nature of these sources. Figure 4 shows the pillars VulP5 and VulP6 and their associated red sources. YSO candidates are located at the tip of each pillar, and also in the pedestal of VulP5 along some Infrared Dark Clouds (IRDC). Submillimeter BLAST sources are also located at the tip of the pillars and along the same IRDCs. Two Bolocam sources are also located along one of the IRDCs.
The IR-excess emission of Young Stellar Objects
Stars form from the gravitational collapse and fragmentation of giant molecular clouds in the ISM. The contraction of the cold gas leads to the formation of a dense rotating core radiating its thermal energy in the millimeter and far-IR regime. As the bulk of the initial cloud mass is falling towards the center of the core, a pro-tostar emerges with a gaseous and dusty accretion disk rotating around it. The peak emission of such a young stellar object shifts towards shorter wavelengths revealing a bright source in the mid-IR. The circumstellar disk is then dissipated via accretion, planet formation or evaporation. Further reading on star formation mechanisms can be found in e.g. Terebey et al. (1984) ; Adams et al. (1987) ; André et al. (1993 André et al. ( , 2000 ; McKee & Ostriker (2007) .
Recent works have shown that the wavelength coverage of Spitzer instruments is well suited for observing the mid-IR excess emission emanating from the warm circumstellar material around Young Stellar Objects (e.g. Allen et al. 2004; Harvey et al. 2007; Koenig et al. 2008; Guieu et al. 2009 ). Based on the mid-IR extinction law (Lutz 1999; Indebetouw et al. 2005; Flaherty 2007 ), Gutermuth et al. (2008) furthermore argue that the most reliable IRAC-based criterion for identifying YSO candidates is the [4.5]-[5.8] color. Indeed the flattening of the extinction curve observed between the IRAC bands 2 and 4 (4.5 to 8 µm) reduces the degeneracy between selective interstellar extinction and intrinsic IR excess.
Our approach to identify YSOs in Vul OB1 is to exploit the method developed by Gutermuth et al. (2008) based on Spitzer colors and magnitude cuts to identify sources with IR-excess emission. We apply this method to the Point Source Catalogs (PSC) compiled by the GLIMPSE and MIPS-GAL teams (Section 2.1) to take full advantage of the good photometric quality and the high reliability of these data. The direct consequence of this approach is that no extended sources will be considered in our study even though they exhibit significant IR-excess emission. To mitigate this caveat, we compare the angular resolution of Spitzer with the typical angular size of circumstellar envelops and disks seen at 2.3 kpc from the Sun. Assuming the telescope optic is diffraction limited 6 down to 5.5 µm, the resolution element at 3.6 and 24 µm corresponds to 3500 and 16000 AU at 2.3 kpc respectively. The spatial extend of the Young Stellar Objects we are looking for does not exceed these limits. For instance, Vicente & Alves (2005) measured the size distribution of circumstellar disks in the Trapezium cluster and found disk sizes ranging from 100 to 400 AU, an order of magnitude smaller than the resolution element at 3.6 µm. Although protostellar envelops have a larger extend, i.e. a few thousand AU according to Bonnell et al. (1996) and Jørgensen et al. (2002) , and assuming they can only be detected at long wavelengths where the resolution element is larger, we expect the number of resolved YSOs in Vul OB1 to be relatively small. However a fraction of the YSOs in their early phases of evolution might be resolved by Spitzer, even at 24 µm, and those large protostars would be excluded from our analysis.
Initial catalog
We first compile a catalog of IRAC point sources based on the highly reliable Point Source Catalog available from the IRSA website as a GLIMPSE I v2.0 enhanced data product 7 . All sources found in this catalog with galactic coordinates in the range 58.6
• < l < 62.2
• and −1.0 • < 7 http://www.astro.wisc.edu/glimpse/glimpse1 dataprod v2.0.pdf b < 0.8
• are considered (∼ 3.28 × 10 5 sources). Fluxes are converted to magnitudes using the zeropoints given in Table 1 . To ensure good photometry and avoid flux stealing between adjacent sources as noted by Robitaille et al. (2008) , we require that valid point sources have magnitude errors lower than 0.2 mag, and that their close source flag 8 (csf) is zero. We also apply specific cuts on IRAC magnitudes to achieve high detection reliability, the magnitude limits we adopt are 14.2, 14.1, 11.9 and 10.8 mag at 3.6, 4.5, 5.8 and 8.0 µm respectively. According to the GLIMPSE I Assurance Quality Document 9 , these limits ensure a detection reliability above 98% in all four IRAC bands. The reliability of the faintest sources however might vary across the Vul OB1 region as it depends on the background brightness structure and the local source density.
This intermediate catalog is then merged with the MIPSGAL 24 µm Point Source Cata- log (Shenoy et al. in preparation) with the constraint that the maximum separation between two matching sources is 3 ′′ . Once again to ensure a good photometry, we require that the magnitude of 24 µm sources and their associated errors are constrained. These constraints however are applied at a later stage of the selection procedure (see Section 4.2).
Out of nearly 3.3 × 10 5 sources present in the GLIMPSE catalog within our search area, only ∼ 1.47 × 10 5 bypassed the initial magnitude cuts. Most of the exclusions were due to noisy detections in bands 3 and 4 of IRAC.
In the end, the initial catalog from which we search for YSO candidates contains point sources with well measured photometry and with at least one detection in IRAC bands, plus the associated 2MASS and MIPSGAL 24 µm fluxes if they exist.
Mid-IR selection of YSO candidates
We start our search for YSO candidates in the initial catalog by removing extragalactic contaminants that might be misidentified as YSOs. Using the selection criteria presented in the appendices of Gutermuth et al. (2008) , which are based on a complementary analysis of the Bootes field IRAC data (Stern et al. 2005) , we identify and reject 6 sources dominated by Polycyclic Aromatic Hydrocarbons (PAH) feature emission, likely starforming galaxies or weak-line active galactic nuclei (AGN). No sources matching the colors and magnitudes criteria for broad-line AGNs were found. Considering a search area of 6.5 square degrees, we find a density of extragalactic sources in Vulpecula slightly lower than one per square degree. This is comparable to the density of ∼0.5 galaxy per square degrees found in the zone of avoidance by Marleau et al. (2008) using GLIMPSE and MIPS-GAL data. We further filter the catalog according to Gutermuth et al. criteria and reject 8 sources that have a large 4.5 µm excess emission consistent with molecular hydrogen line emission found in regions where high-velocity outflows interact with the cold molecular cloud. The remaining sources are presumably of stellar origin.
All sources with the following color constraints are considered likely YSOs:
Out of the ∼ 2.38 × 10 4 sources possessing all four IRAC magnitudes, we identified 820 YSO candidates based on their IR-excess emission. We further classify the selected objects according to their infrared spectral index α IR = ∂ log(λF λ )/∂ log(λ) as defined by Lada (1987) . We specifically compute the spectral index α IRAC as the slope of the Spectral Energy Distribution (SED) measured from 3.6 to 8.0 µm. Objects with α IRAC > −0.3 have a flat-ish or rising SED indicating the presence of a cold dusty envelop infalling onto a central protostar, these are designated class 0/I YSOs. Objects with −0.3 > α IRAC > −1.6 are classified as class II YSOs, these are pre-main-sequence stars with warm optically thick dusty disks orbiting around them. We define class III objects as having −1.6 > α IRAC > −2.56: these stars have cleared most of their circumstellar environment, their near-IR emission is mostly photospheric but they may present some excess emission above 20 µm. Such objects are dubbed anemic disks by Lada et al. (2006) . Finally, objects with α IRAC < −2.56 are stars with photospheric emission only, this spectral index corresponds to the slope of the stellar photosphere SED in the Rayleigh-Jeans domain.
Note that this YSO classification is based on the classification scheme proposed by Greene et al. (1994) , except that the Flat Class (0.3 > α > −0.3) is included into the class 0/I which represents the population of protostars with infalling envelopes. Calvet et al. (1994) indeed showed that Flat Class YSOs could be interpreted as infalling envelopes. Figure 5 presents a color-color diagram based on IRAC data only, the different symbols indicate the classes associated with each YSO candidate identified in our analysis. The next step is to exploit the extra information contained at longer wavelengths to confirm, or reclassify, the YSO candidates identified solely from their IRAC colors. We first check that the SEDs of all YSO candidates continue to rise from 8 to 24 µm. We also look for objects previously classified as photospheric sources that exhibit bright 24 µm fluxes ([5.8] − [24] > 1.5). These sources are thought to be transition disks, i.e. class II YSOs with significant dust clearing from their inner disks (Calvet et al. 2002; D'Alessio et al. 2005) , Rieke et al. (2008) .
these objects are of particular importance for understanding the evolution of circumstellar disks around young stars. We also check for protostar misclassifications due to extreme visual extinction levels. Gutermuth et al. (2008) We tested the ability of the method at finding genuine YSOs on a well studied star forming region, RCW79 (Zavagno et al. 2006) , and it proved to be adequately reliable and efficient (Zavagno, private communication) . Furthermore, this method has been successfully applied to study embedded stellar clusters in NGC 1333 , the star formation activity in the HII region W5 (Koenig et al. 2008) or in the giant molecular cloud G216-2.5 ). Note that other methods, also based on Spitzer colors and magnitudes, have been developed to find YSO candidates (e.g. Hartmann et al. 2005; Harvey et al. 2007; Robitaille et al. 2008; Chavarría et al. 2008 ).
Final census of YSO candidates
We finally find 856 YSO candidates in Vul OB1: 239 are likely protostars with infalling envelops (class 0/I), 464 are disk-bearing stars (class II), and 153 are class III objects with very little circumstellar material. Among the class I objects, 15 YSO candidates are likely deeply embedded protostars, and 89 have a spectral index consistent with the Flat Class. Among the class II objects, 85 are highly reddened class II YSOs that were misclassified as protostars based on IRAC criteria only. A further 21 sources are classified as likely transition disk class II objects.
Except for a few cases, all YSO candidates have detections in all four IRAC bands, about half of them have 2MASS detections in all three JHK bands, 75% have 24 µm counterparts (it reaches 100% for class 0/I objects) and 8% have 70 µm detections. Table 2 gives the coordinates and fluxes of all YSO candidates. Table 5 in the appendices gives the coordinates, fluxes and type of the contaminants identified in Vul OB1.
To test the robustness of our analysis relative to the interstellar extinction, we have used the visual extinction map of Vul OB1 and the formulae provided by Flaherty (2007) to deredden IRAC fluxes. We run the exact same procedure as described above, and we find that the YSO census is only marginally different from the uncorrected case (except for the class III population that is reduced by 35%). This justifies the choice of Table 2 is published in its entirety in the electronics edition of the Astrophysical Journal. A portion is shown here for guidance regarding its form and content.
Reliability and completeness
In the present study, we make the deliberate choice to favor the highest possible detection reliability, at the expense of a modest completeness figure. This choice was largely motivated by the need to automate the search for YSOs over such a large area of the sky.
As mentioned in Section 4.1, we achieve a detection reliability better than 98% for the set of IRAC magnitude cuts chosen for populating our initial catalog. However the actual detection reliability depends to a certain extent on the level of the background diffuse emission. An adequate assessment of the completeness of our YSOs catalog would require to carry out a large spectroscopic survey of the red objects in Vul OB1 in order to identify genuine YSOs, and then compare the results to our catalog. This is impractical though, given the large number of (faint) objects in Vul OB1.
Considering the stringent criteria used to reach a reliability over 98%, we expect a noticeable number of YSOs to be excluded from our initial point source catalog. For instance, any saturated sources, that are either bright sources on faint background or faint sources on bright background, are not considered in our analysis. There are very few saturated data in IRAC images so that the YSOs selection is basically unaffected by this effect. Still, we expect that a fraction of YSO candidates will not have 24 µm counterparts because of saturation issues (especially around Sh2-88B and Sh2-87 where the background is high). Extended sources are also excluded based on the selection procedure used in this work (see Section 4), but their actual number is expected to be fairly small at 2.3 kpc. Point sources with too large a magnitude error are not considered either. We set the limit for bad photometry to be σ mag > 0.2 mag. IRAC bands 3 and 4 being the noisiest bands, the selection criterion on σ mag mostly impacts [5.6] and [8.0] detections.
The completeness of our YSO catalog is also dependent on the evolutionary stage of the object. For instance, the wavelength band 2-24 µm is well suited for detecting and identifying disks around young stars (class II), but longer wavelengths are more appropriate for observing earlystage objects (class 0/I). We believe that our sample of IRAC-selected YSO candidates may lack a significant fraction of these protostars. For instance, we looked for a possible correlation between the spectral index α IRAC and the visual extinction of the YSO candidates expecting to find a population of protostars with high values of α IRAC , i.e. the youngest objects, to be the most extinct/embedded objects. However we did not find such correlation in our sample which suggests that we might be missing the most embedded phases of star formation based on IRAC and MIPSGAL 24 µm data only. Similarly, the population of class III YSOs which lacks near-IR excess emission is strongly underestimated in our study, even if they are genuine YSOs possessing Hα or Xray emission. For all these reasons, it is very difficult to assess the completeness of our YSO catalog with confidence. We use the evolutionary models of Baraffe et al. (1998) to compute the mass of a 2 Myr old star at 2.3 kpc with no IR-excess emission having a 3.6 µm magnitude of 14 mag; and we find a mass of ∼1 M ⊙ . Considering that the 8 µm channel of IRAC is the less sensitive channel (limit magnitude of 10.8 mag), and that most YSOs have significant IR-excess emission, we estimate our YSO catalog to be complete down to a few solar masses.
Lastly, we have to account for the possible misidentification of YSO candidates with evolved stars. The circumstellar environment of Planetary Nebulae (PNe) or Asymptotic Giant Branch (AGB) stars are rich in warm dust grains emitting in the near-mid-IR such that these objects occupy the same locus in color-color diagrams as YSOs Srinivasan et al. 2009 ). Following the analysis of Robitaille et al. (2008) , we estimate the fraction of evolved stars in our catalog of YSO candidates to be about 25%, of which most are AGB stars. We will argue in Section 5.2 that AGB stars could be further excluded from the sample of YSO candidates based on clustering criteria.
Results and discussion
Star Formation Efficiency
We estimate the current star formation efficiency in Vulpecula by comparing the mass of the gas reservoir, M cloud , with the mass that has turned into stars during the last few million years, M YSO . The Star Formation Efficiency (SFE) is then derived as follows:
We compute the mass of the cloud using our extinction map of Vulpecula and the formula relating the column density and the visual extinction N H /A V = 1.37 × 10 21 cm −2 .mag −1 assuming a value of R V = 5.5 typical for molecular clouds as suggested in Evans et al. (2009) . We use a contour of A V = 7 mag to delineate the active star forming region on the A V map of Vulpecula. We find an average mass surface density of 16.2 M ⊙ .pc −2 . We integrate the surface density over the 2.7 × 10 3 pc 2 enclosing the A V > 7 region, and we find a cloud mass M cloud = 4.5 × 10 4 M ⊙ .
Since our YSO sample represents only the highend of the Initial Mass Function (IMF), as we estimated in Section 4.4, we need to account for the missing mass of the total YSO population in order to derive a relevant M YSO . We use the IMF of Kroupa (2001) to compute the number of stars with masses ranging from 0.01 to 50 M ⊙ . We normalize the IMF assuming 510 stars have masses >1 M ⊙ within the A V > 7 region, and we find that Vul OB1 should contain 2 × 10 4 YSOs with a total mass of M YSO = 4200 M ⊙ . We thus obtain a SFE of ∼8%, similar to other star forming regions in nearby molecular clouds (Evans et al. 2009 ).
Spatial distribution of YSO candidates
The spatial distribution of YSO candidates in Vul OB1 is presented in Figure 6 . YSO candidates are not distributed randomly in the field. We rather find several coherent structures, or groups of YSO candidates, which in most cases are reminiscent of the mid-infrared morphology of the complex. For instance the highest densities of YSO candidates are located close to, or within the three HII regions. Other YSOs appear to line up along InfraRed Dark Clouds (IRDC), e.g. at (l, b) = (59.98, 0.06) at the pedestal of the pillar VulP5 (see Figure 4) ; or along bright contrasted structures of the extended 24 µm emission, e.g. at (l, b) = (61.82, 0.33) or (l, b) = (59.80, 0.64). YSO candidates have also been identified at the tip of most newly discovered pillar structures (see Table 4 and Sections 3.2 and 5.4.2).
If we assume the IMF parameters presented in Section 5.1, we estimate that the average surface density of YSO candidates is 7.4 YSO.pc −2 . This value is consistent with the typical surface density found in other star forming regions, e.g. 13.0 YSO.pc −2 in Serpens (Harvey et al. 2007 ) or 3.3 YSO.pc −2 in Lupus (Merín et al. 2008 ). We build a surface density map of YSO candidates following the definition of Chavarría et al. (2008) . At each point of a 5 ′′ grid, we compute the surface density of YSOs as
where r N is the distance to the N = 5 nearest neighbor. This image is then convolved with a gaussian of FWHM = 1 ′ to obtain a smooth contour map of the surface density. Figure 6 shows the surface density contours over a 70 µm image of Vul OB1. It clearly delineates the mid-IR-bright HII regions, plus other groups of YSO candidates associated with fainter compact mid-IR sources, e.g. at (l, b) = (60.60, −0.70). The surface density peaks at ∼50 YSO.pc −2 at the position (l, b) = (59.80, 0.064) which is coincident with the BLAST source V30, also known as IRAS 19410+2336. This source is a candidate Hyper Compact HII region according to Chapin et al. (2008) , and about 15 of our YSO candidates appear to be grouped around it (see Section 5.4.2).
In addition to this population of clustered YSO candidates, there is a population of distributed IRexcess sources. Robitaille et al. (2008) argue that a fraction of these isolated red objects could be AGB stars mistaken for YSO candidates in our selection process (they occupy the same locus in the C-C diagram, cf Section 4). However Koenig et al. (2008) argue that the isolated YSO candidates could be genuine YSOs that formed from isolated events or that were ejected 10 from their birthplace due to gravitational interactions with other members of their native star cluster.
We now focus our analysis on the population of clustered YSO candidates since they are more reliable tracers of triggered star formation events. Various methods can be used to discriminate between distributed/clustered populations. For instance the two-point correlation function was used by Karr & Martin (2003) on W5 and by Indebetouw et al. (2007) on M16, while the minimum spanning tree technique was used on W5 by Koenig et al. (2008) and on NGC 1333 by Gutermuth et al. (2008) . Both methods provide valuable qualitative results but dynamical measurements are absolutely necessary to assign a definitive membership to a given YSO. Since such data are not available for Vul OB1 we opt for the simplest filtering, namely the nearest neighbor, to gain insight into the clustering properties of our YSO sample. In practice, we consider all YSO candidates and keep only those that have their nearest neighbor YSO within 3 ′ (2 pc at 2.3 kpc). The result of this selection is a much more clustered distribution of YSO candidates that traces mid-IR morphology even more closely (192 YSO candidates are marked as isolated objects). Fig. 6 .-Distribution of YSO candidates in Vul OB1 displayed over the 70 µm negative image from MIPSGAL. Red circles represent envelops/Class I YSO candidates, green horizontal rectangles represents disks/Class II objects, and blue vertical rectangles are optically thin disks/Class III objects. Black contours represent the surface density of YSO candidates in Vul OB1 as described in the text. Their distribution is well correlated with the mid-IR morphology. They are found at the tip of most pillars and around HII regions. The large and small dashed circles around (l, b) = (59.58, 0.12) indicate the diameter of the supernova remnant SNR G59.5+0.1 as published in Taylor et al. (1992) and Green (2006) respectively. The orientation and scale of the image are also indicated.
We also look for trends in the environment of YSO candidates compared to field stars. The top panel of Figure 7 shows that YSO candidates sit preferentially on regions of bright 24 µm background emission compared to the more evolved stars. Since the 24 µm emission is mostly due to the thermal emission of small dust grains excited by UV radiation, the trend for YSO candidates to sit on bright mid-IR background implies that the identified YSO candidates are largely associated with photon dominated regions (PDR) and HII regions. This is consistent with known scenarios of triggered star formation mechanisms and with previous studies of star forming regions (e.g. Koenig et al. 2008) . We also compare the visual extinction associated with the YSO population to the entire population of point sources found in our initial catalog (see bottom panel of Figure 7 ). We find that YSO candidates are mostly located in regions of high extinction compared to field stars. This is again consistent with the idea that infant stars still live in the dense and dusty cloud from which they were born. Remarkably the environmental trends mentioned above are even more pronounced for the population of clustered YSO candidates (see Figure 7) .
Note that Chapin et al. (2008) identified a few BLAST sources in the direction of Vul OB1 that are actually located at 8.5 kpc from the Sun (radial velocity around −5 km s −1 ), i.e. in the Perseus arm. A dozen of our YSO candidates seem to be associated with these distant BLAST sources so that these might belong to the Perseus arm.
Spectral Energy Distribution
We have built Spectral Energy Distributions (SEDs) for all of our YSO candidates. Figure 8 presents a small SED sample with the Class designation associated with each object.
We used the SED fitter tool developed by Robitaille et al. (2007) to extract the physical parameters of our YSO candidates. However, the limited wavelength coverage (near-to mid-IR) resulted in strong degeneracies over the output parameters, and we were unable to gain reliable information on the physical properties of our YSO candidates.
We looked for possible associations in the BLAST field to extend the wavelength coverage to the sub-millimeter, but in most cases several YSO candidates fell within the BLAST beam rendering the association ambiguous. For the YSO candidates that could be uniquely associated with a BLAST source, Chapin et al. (2008) provide physical parameters derived from SED fitting. They find clump masses ranging from 40 to 400 M ⊙ and temperatures from 19 to 28 K. We also use Molinari et al. (2008a) diagnostic diagrams based on MIPS and BLAST colors to identify the most massive YSOs in Vul OB1. Molinari et al. show that the high-mass analogues of the low-or intermediate-mass Class 0 objects have distinctive MIPS colors. From our sample of YSO candidates, we find 6 objects with [24 − 70] > 3, which is indicative of an SED peaking longwards of 70 µm presumably due to a massive infalling envelop. Three of these red MIPS sources are located next to the brightest BLAST source V30 and are barely discernible on the map, two have no BLAST counterparts, and one might have a BLAST counterpart but the association is ambiguous as another YSO candidate falls within the BLAST beam.
Finally we searched the IRSA for Bolocam sources, and we found 24 sources in Vul OB1. Among them we find isolated sources not associated with any YSO candidates, these could be YSOs in their earliest evolutionary phases, i.e. starless cores emitting in the millimeter only. The other Bolocam sources are usually located close to the peaks of the YSO surface density and are associated with groups of YSO candidates. Note that almost all Bolocam sources have BLAST counterparts over the Vulpecula BLAST field.
Cases of triggered star formation?
The case of SNR G59.5+0.1
Shock waves generated by supernovae can potentially trigger episodes of star formation at the interface between the SNR and the ISM (Melioli et al. 2006) . The supernova remnant SNR G59.5+0.1 was first detected by Taylor et al. (1992) in the direction of Vul OB1 at the position (l, b) = (59.58, 0.12). Taylor et al. describe this object as a shell-type SNR with non-thermal spectral index (α < −0.4) and a diameter of 15 ′ . They also mention the close proximity and possible association of the SNR with the HII region Sh2-86. We investigate the possibility of such an association and potential signs of triggered star formation. Guseinov et al. (2003) computed the distance to SNR G59.5+0.1 using an empirical formula that relates the surface brightness of a SNR (Σ) with its diameter (D). They calibrated the Σ − D relation against SNRs of known distances, and they found that SNR G59.5+0.1 lies at ∼11 kpc from the Sun. This would imply that SNR G59.5+0.1 is not associated with the HII region Sh2-86. We stress however that Guseinov et al. computed the distance to G59.5+0.1 based on data from the SNR catalog of Green (2006) and D = 15 ′ ). We use the VGPS 21-cm data to look for traces of the SNR and settle this discrepancy. We find a circular structure centered at the position of the SNR with a diameter of 15 ′ , which confirms the value found by Taylor et al.. Therefore we compute the distance to SNR G59.5+0.1 using Guseinov et al.'s formula with Taylor et al.'s measurements instead of Green's; and we find that the SNR likely lies between 2.1 kpc and 5.3 kpc from the Sun provided the given uncertainties of the Σ−D relation. This distance estimate reconciles the hypothesis that SNR G59.5+0.1 is indeed associated with Sh2-86. Reach et al. (2006) have searched for infrared counterparts to the known SNRs in the inner galactic plane using IRAC observations from the GLIMPSE survey, however they did not detect SNR G59.5+0.1 because of the high confusion level in the vicinity of Sh2-86 structured extended emission. For the same reason, we could not detect the SNR on MIPSGAL 24 µm images either. No morphological clues were found in the ancillary data mentioned in Section 2.2. Nevertheless, the distribution of YSO candidates around SNR G59.5+0.1 reveals two groups of YSOs apparently lining up along two arcs at the northern and southern rims of SNR G59.5+0.1 (cf Figure 6) . Assuming that the actual diameter of the SNR is indeed 15 ′ , the two groups do not lie exactly on the rim of the shell but slightly outside. We still believe that these YSO overdensities could have arisen from the interaction of the expanding shell of SNR G59.5+0.1 with the neutral gas of Sh2-86. According to Xu et al. (2005) , the age of a shell-type SNR such as SNR G59.5+0.1 with a diameter of 10 pc (assuming a 15 ′ diameter and a distance of 2.3 kpc) ranges from 10 3 to 10 4 years old. This timescale is comparable to the lifetime of the first phases of star formation, making the SNR a possible trigger for the surrounding YSO candidates. These clues tend to confirm the association of SNR G59.5+0.1 with Sh2-86, but since we could not find unequivocal evidences for the SNR-HII region association, a fortuitous spatial coincidence cannot be excluded.
Photoevaporation at the tip of the pillars
An interstellar cloud exposed to the ionizing radiation of a newly formed star is compressed by an ionization-shock front which can focus the neutral gas into a compact globule. This mechanism is called radiation-driven implosion (RDI) and is described in Bertoldi (1989) . In some cases, this leads to the birth of a second generation of stars located at the interface of the ionized and neutral gas (e.g. Reach et al. 2009 ).
Even though we could not identify the sculptor of the pillars described in Section 3.2, we expect the RDI mechanism to be at work in these objects. Figure 4 shows the location of our YSO candidates in pillars VulP1 to VulP6 and VulP11. We find at least one YSO candidate at the tip of most of the pillars (see Figure 3 and last column of Table 4 ). YSO candidates can also be found along the pillars when the gas is protruding and exposed to the ionizing star (e.g. YSO on the West side of VulP3 on Figure 4 ). BLAST also detected sources at the tip of every pillar found within the Vulpecula BLAST field (e.g. bottom panel of Figure 4 ).
Embedded star cluster
Cr404 is a young (9 Myr old, Bica et al. 2008) star cluster located at (l, b) = (59.14, −0.11) embedded in Sh2-86. We find a high surface density of YSO candidates associated with this cluster. 11 Class II-III and 3 Class I YSO candidates surround the mid-IR peak emission of Cr404. BLAST observations further reveal that the embedded cluster is coincident with the bright sub-millimeter source V18, also identified as IRAS 19403+2258. Chapin et al. (2008) classify this source as a candidate Hyper Compact (HC) HII region, i.e. the precursor of a high-mass star, and they derived a mass of ∼150 M ⊙ and a temperature of ∼30 K for this object. The simultaneous presence of a HC HII region (∼ 10 5 yr lifetime) and Class II YSOs (few 10 6 yr lifetime) around a young star cluster such as Cr404 is consistent with the results of Molinari (2008b) which suggests that the most massive objects in a cluster are the last ones to form.
Other cases of HC HII regions associated with groups of Spitzer -selected YSO candidates are found in the BLAST field. For instance, the BLAST source V30, the brightest and most massive clump according to Chapin et al. (2008) is coincident with the highest density of YSO candidates in the whole 6.6 square degree map at (l, b) = (59.80, 0.064).
Large scale propagating Star formation
Based on radio observations of HI supershells and on energetics arguments, Ehlerová et al. (2001) estimate that the HI shell GS061+00+51, which encompasses Sh2-87 and Sh2-88, is 6-7 times larger and 3-4 Myr older than the shell GS59.7-0.4+44 that hosts Sh2-86. Ehlerová et al. attribute these age and size differences to the delayed expansion of HII regions, and they suggest that star formation might be propagating from Sh2-88 to Sh2-86. Previously, Turner (1986) suggested that the morphology of the three HII regions was shaped by a single supernova shock wave associated with the fossil HII region Lynds 792 (l, b) = (60.81, 2.24). Since Lynds 792 is approximately equidistant from the three HII regions, Turner's scenario implies that star formation would be triggered simultaneously, as opposed to sequentially in the case of Ehlerová et al. We now test the validity of these scenarios using the supplemental information gathered in this work. Figure 9 shows the evolution of the number of YSO candidates as a function of their Galactic longitude. The increasing number of YSO candidates towards Sh2-86 seems to favor the scenario of Ehlerová et al. since the youngest star forming region should indeed possess the largest number of young stellar objects, assuming identical IMFs and instantaneous star formation. Nevertheless the shape of this histogram could also be interpreted as Sh2-86 being a more active star forming region than the other two Sharpless objects, creating more YSOs from a larger molecular reservoir, which is unrelated to any process of propagating star formation. For a proper interpretation of the Figure 9 histogram, we need to compare the typical lifetime of a YSO and the timescale necessary for star formation to propagate in a molecular cloud. Nomura & Kamaya (2001) have studied selfpropagating star formation using numerical simulations and found that the time delay of sequential star formation sites against the original one, ∆t, correlates with their physical separation, ∆x, as ∆t ∼ 50M yr[∆x/(0.5kpc)] 0.5 . Efremov & Elmegreen (1998) have derived a similar expression based on observations of star clusters in the Large Magellanic Cloud (∆t ∼ 26M yr[∆x/(0.5kpc)] 0.4 ). Assuming Sh2-88 and Sh2-86 are separated by ∼80 pc, we find that star formation would take ∼10-20 Myr to propagate across Vul OB1. Besides, Evans et al. (2009) estimate the lifetime of a YSO to be of the order of 1-3 Myr based on a large statistical sample of YSOs identified as part of the c2d legacy survey 11 . If star formation was indeed propagating along the Galactic plane at the pace derived above, YSOs would only be found in a narrow slab of longitudes since they would age, and fade away in the IR, faster than the triggering shock needs to cross the molecular complex. We can already rule out this scenario based on the presence of YSOs in all three HII regions of Vul OB1 (see Figure 6 ). It is possible however that star formation is propagating faster than previously estimated due to the pronounced inhomogeneities of the propagation medium (cf distribution of CO in Figure 1) . If the propagation timescale was of the same order of the YSOs lifetime, then YSOs would be found all across Vul OB1 with a gradient in the evolutionary phases of the YSO population as a function of longitude.
We use the ratio of Class II-III to Class 0-I as an indicator of the aging of the YSO population. Figure 9 shows that this ratio does not present a gradient with respect to longitudes. This indicates that if star formation was once triggered in Vul OB1, then the triggering agent would have been independent of Galactic longitude, and this definitely rules out the suggestion of Ehlerová et al. Nonetheless, the histogram of Figure 9 is still consistent with Turner's scenario in which star formation occurs as an instantaneous burst in the three HII regions.
Conclusions
We have presented a thorough description of the Vulpecula OB association. We have complemented the existing observations of isolated objects in Vul OB1 with a global view of the whole star forming complex from an infrared perspective. We exploited Spitzer legacy surveys MIPS-GAL and GLIMPSE data to identify 856 young stellar objects with IR-excess emission. We rely on the nature and properties of these objects to highlight the recent activity of star formation in the complex, and we look for evidences of triggered star formation.
We find two populations of YSO candidates: one population of distributed objects that likely contains IR-bright evolved stars and some genuine YSOs born in isolation or ejected from their parental cloud; and another population of clustered YSO candidates whose spatial distribution correlates very well with the mid-IR morphology of the complex. YSO candidates surface density peaks locally around the three Sharpless objects, the Hyper Compact HII regions, and other embedded star clusters like Cr404. The vigorous star forming activity around these energetic sources is consistent with scenarios of triggered star formation mechanisms. Still we cannot ascertain that these stars were born as a direct consequence of their extreme environment, nor that they would have formed in the absence of what we consider the triggering agents. Nevertheless our analysis allowed to rule out the scenario of Ehlerová et al. (2001) according to which star formation was propagating from Sh2-88 to Sh2-86. We rather find that the evolutionary stage of the YSO population across Vul OB1 is homogeneous, and thus consistent with the scenario of Turner (1986) .
We have further reported the discovery of a dozen pillar-like structures in Vul OB1, and we comment on their morphology from the near-IR to the radio regime. We were not able to identify the energetic source(s) responsible for the molding of the pillars, but we argue that these objects are indeed associated with the OB association. Our finding of YSO candidates at the tip of most of the pillars is consistent with mechanisms of triggered star formation on small scales. 
